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PROCESSING ARRANGEMENTS 

The present invention relates to processing 
arrangements for computer architectures, 
DESCRIPTION OF TH ^ PETATED ART 
5 There are many conventional computer architectures 

which are based on a single main processor cooperating 
with a co-processor. The co-processor adds 
functionality that the main processor in the 
architecture does not have or does not perform 
10 particularly efficiently. The co-processor generally 

uses instructions which are not implemented in the 
instruction set of the main processor. As such, many 
co-processors are used to address very specific code 
requirements, for example floating point arithmetic or 
15 signal processing. In most applications, this means 
that the instruction set of the co-processor is 
specific to that co-processor. 

In addition, many main processors use real time 
operating systems to service multiple tasks and 
20 exceptions, such as interrupts. Servicing multiple 

tasks can result in context changes which can absorb 
significant amounts of the processing power available 
in the processor. A context change occurs when the 
task being executed by a processor is changed. The 
25 context of a task relates to the code corresponding to 

the task, and the state of the internal registers of 
the processor. Furthermore, in low power applications, 
in order to conserve power, sleep modes are used from 
which the processor must be reactivated when interrupt 
30 or service requests occur. When the processor is 

reactivated the context must be loaded and then the 
service performed, the processor then returns to an 
inactive state. Such a process can consume a large 
amount of power. 
35 it is therefore desirable to provide a computer 
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architecture which can overcome these disadvantages. 
SUMMARY OF THE gglSMI INVENTION 

According to one aspect of the present invention 
there is provided a processing arrangement for a 
computer comprising: 

first processor means for processing a first set 
of instructions; and 

second processor means for processing a second set 
of instructions, the second set of instructions being a 
subset of the first set of instructions, wherein the 
second processor means is arranged to receive control 
signals and to process instructions in dependence upon 
those control signals without reference to the first 
processor means. 

ftRTEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram illustrating a 
computer processor architecture in accordance with the 
present invention; 

Figure 2 shows a computer architecture including 
multiple processors; and 

Figure 3 is a diagramatic illustration of how 
processors embodying the present invention can realise 
the functionality of a desired virtual processor. 



nETOTT.Ein DES CRIPTION OF THE PREFEKKKD EMBODIMENTS 

Figure 1 shows a block diagram illustrating a host 
(or first) processor 1 connected with a shadow (or 
second) processor 2. In the example shown, the shadow 
processor 2 is used to control interrupts received from 
peripherals connected to the processor system. 

The host processor 1 communicates with an external 
bus 3 by way of an external bus interface 4. The 
external bus 3 is used for transferring data to and 
35 from the main processor and memory devices (not shown) . 
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The host processor 1 also includes a memory controller 
5 for controlling data access with memory devices . The 
memory controller 5 is controlled itself by an 
execution unit 6 which has overall control of the main 
5 processor 1. The host processor 1 also include an 

arithmetic logic unit (ALU) 7 and a number of registers 
8, sixteen in the example shown. The various 
components of the host processor 1 communicate with 
each other by way of appropriate internal buses. 
10 In order that the host processor 1 can be held in 

a low power inactive mode for as long as possible, a 
shadow processor 2 is connected to the main processor 
1. The shadow processor 2 includes an interrupt 
controller 10 which receives interrupt signals via 
15 interrupt inputs 12. The shadow processor also 

includes registers which correspond to selected ones of 
the registers of the host processor 1. The interrupt 
controller can be connected, as in the example of 
Figure 1, to peripherals connected to a peripheral bus 
20 11. 

The shadow processor 2 also includes an execution 
unit 14, code memory 15, and data memory 16. The shadow 
processor 2 operates to process a selected subset of 
the instructions from which the host processor 
25 operates, and these instructions are stored in the code 

memory 15. The shadow processor 2 has access to the 
host processor memory by way of a memory controller 17 
which interfaces with the external bus 3 by way of the 
host external bus interface 4. 

30 In order to provide a link between the host 

processor 1 and the shadow processor 2, the execution 
units of the two processors are connected by way of a 
host interrupt controller 18, and the registers of the 
processors are connected by a register bridge unit 19. 

35 The Host Interrupt Controller 18 is a module which 
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allows the shadow processor to issue an interrupt to 
the host porcessor in order to cause a change in task 
execution, a context change, appropriate to the 
requirements of the system. It generates an interrupt 
5 to the host using the host interrupt protocol and 

indicating the source of the interrupt as a vector 
programmed by the shadow process related to the new 
task required. 

The following description, of the process used to 

10 service an interrupt received from a peripheral bus 11 

is one example of the operation of the shadow processor 
2. A peripheral {not shown) raises an interrupt 
request on the interrupt input lines 12. The input 
controller 10 operates to interpret the interrupt 

15 request, and if the interrupt request is of the type 

able to be processed by the shadow processor 2, then 
the shadow processor 2 will service that interrupt. An 
example of an interrupt is if an external device such 
as a serial port has received data from a system to 

20 which it is attached. The data from such a serial port 
may be contained within a message body including 
information about the source and content of the data. 
The shadow processor 2 then services the interrupts 
required by receiving the message then removing the 

25 data from that message. Once the data has been removed 

and checked it issues an interrupt to the main 
processor 1 via the Host Interrupt Contoller 18 having 
first set up the context needed by the task to service 
the data within the message. The main processor 1 

30 would begin processing the data while the shadow 

processor 2 stores the context of the interrupted task. 

The Register Bridge unit 19 allows multiple access 
to a set of registers by both host and shadow 
processor. It allows physical registers to appear in 

35 both processor systems while resolving any conflict in 
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their access and mapping of those registers within the 
physical resource space of the processors . 

This unit contains multiplexers to allow dual 
access to either processor buses , arbitration logic to 
5 prevent access conflict, and logic to allow access 
addresses to be altered to allow re-mapping of the 
location of the registers in the address map of either 
processor. 

For example registers mapped to positions 4-7 in 
10 the host may appear also in positions 4-7 in the shadow 

or be re -mapped to 8-11 of the shadow. Or in the case 
of register swapping, registers x-y of the host may be 
exchanged for equivalent registers in the shadow and 
vice- versa. This allows registers x-y of the shadow to 

15 be loaded with a new context then swapped in to the 
host in a context change. The registers replaced in 
the shadow would contain the old host context and can 
be stored or re -stored by the shadow while the host is 
processing the new context. 

20 While the host processor 1 is processing a task or 

is in an unactive ( "sleep") mode, the shadow processor 
2 will accept interrupts to determine the requirement 
and decide on the action required. If the action can 
be handled by the shadow processor alone then it is 

25 serviced without reference to the host, but if it does 

require some intervention by the host, the shadow 
processor 2 will activate the host processor by way of 
the host interrupt controller 18. 

In the example shown, the shadow processor 2 can 

30 service routine requests from the peripherals without 

the need for host intervention. Data to be processed is 
shared between the host processor and the shadow 
processor by way of the register bridge unit 19, in 
order that the same data can be operated on by both 

35 processors. 
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It will be readily appreciated that, the shadow 
processor 2 is able to use a subset of the instruction 
set of the host processor. The main advantage of such a 
shadow processor is that instruction, code can be 

5 readily shared between the host and the shadow, without 

the need for processor emulation or complex code 
conversion. The other significant advantage is that any 
work needed to develop the shadow processor can be 
based on the host processor development work. In 

10 addition, the shadow processor design can be optimised, 

based specifically on the processing of a limited range 
of instructions of the host processor. Code written 
for such an application can be analysed to identify the 
most frequently used instructions, and shadow 

15 processors can be provided for those most frequently 

used instructions. The shadow processor can then be 
based on the common instruction set but minimum 
register and addressing range requirements. The shadow 
processor has access to all the relevant register and 

20 memory areas used by the host processor and so the host 

and shadow processor can work in tandem, the shadow 
processor performing tasks for which it is designed 
independently of any reference to the host processor. 
It will be appreciated that a plurality of shadow 

25 processors can be used with a single host processor to 
provide efficient data processing without the need to 
refer directly to the host processor itself. 

One particular advantage of such system is that 
the shadow processor can service interrupt requests and 

30 other routine tasks without the need to move the host 

processor into an active state. This can reduce the 
power consumption of the processing system in total. 

It will be appreciated that it is possible to 
provide all of the functionality of a single host 

35 processor by a plurality of shadow processors each 
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dedicated to a single part of that functionality of the 
host processor. In this way it is possible to produce 
a processing architecture which does not need to use a 
host processor as such, but can use a group of shadow 
5 processors each of which is optimised for a particular 

function. Such architectures are illustrated in 
Figures 2 and 3, which show that shadow processors can 
be arranged to share data and registers so that 
processing of program steps can have continuity, 
xo Figure 2 is an application of a shadow processor 

concept without the use of a host processor. 

A number of shadow processors are arranged in 
sequence; each processor performs a particular process 
on data derived from previous shadow processors and 
15 passes the processed data on to the next in the 

sequence. The sequence has input/output ports on the 
end shadow processors for connection to other system 
components. Processing occurs in both directions from 
shadow processor (i.e. 1 to 5 and 5 to 1) . In addition 
20 sections 3 and 4 contain two shadow processors (MB) 

with additional input/output to be combined with the 
main sequence. Shadow processor 6 performs the task of 
memory control and ensures that appropriate code is 
loaded into the shadow processors from main memory as 
25 required. It also performs the main co-ordination task 

for the system, 

An application is of such a configuration could be 
a telecommunications terminal. The I/O of shadow 
processor 1 would be attached to the RF subsystem, I/O 
30 of processor 5 to the Audio sub -system. The secondary 

I/O of shadow processors 3b/4b to the data processing, 
and user interfaces e.g. LCD and keyboard. Each of the 
shadow processors 1-5 perform specific tasks required 
such as audio codec, interleaving/de- interleaving, etc. 
35 Figure 3 is an example of a virtual processor 
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concept . 

The main processor is provided as a virtual 
processor, which may only exist in concept and as a 
simulation. From this virtual processor various 
5 applications are analysed and specific implementations 

derived. Three such implementations 1-3 are drawn 
below the Host. Each of the implementations contains 
specific components of the host required by the 
applications. For example, Shadow processor A. (1) 

10 could be characteristic of a RISC CPU, Shadow processor 

B (2) could be an example of a logic processor, and 
Shadow processor C (3) could be an example of a memory 
management processor. 

The important distinction of figure 3 is that the 

15 host is a virtual processor it may not physically 

exist . 

The shadow processors are optimised fragments of 
the virtual processor synthesised to a physical 
implementation on a chip. 
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CLAIMS 

1. A processing arrangement for a computer 
comprising: 

first processor means for processing a first set 
5 of instructions; and 

second processor means for processing a second set 
of instructions, the second set of instructions being a 
subset of the first set of instructions, wherein the 
second processor means is arranged to receive control 
10 signals and to process instructions in dependence upon 

those control signals without reference to the first 
processor means. 

2. An arrangement as claimed in claim 1, wherein 
the first processor means includes a plurality of 

15 registers, and the second processor means has access to 

a predetermined selection of the said registers. 

3 . An arrangement as claimed in claim 1 or 2 , 
wherein the first processor means has active and 
inactive states of operation, and wherein the second 

20 processor means is operable to process instructions 

when the first processor means is in the inactive 
state. 

4. An arrangement as claimed in claim 3, wherein 
the second processor means is operable to cause the 

25 first processor means to change to the active state 

from the inactive state, when received control signals 
are indicative of instructions which cannot be 
processed by the second processor means. 

5. A method of operating a computer including 
30 first processor means for processing a first set of 

instructions, and second processor means for processing 
a second set of instructions, the second set of 
instructions being a subset of the first set of 
instructions, the method comprising: 
35 using the second processor means to receive 
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control signals; and 

processing instructions in dependence upon the 
received control signals using the second processor 
means without reference to the first, processor means 
5 when the received control signals are part of said 

second set of instructions. 

6. A method as claimed in claim 5, wherein the 
first processor means has active and inactive states of 
operation, and instructions are processed using the 

10 second processor means when the first processor means 

is in the inactive state if they are part of said 
second set, 

7. A processing arrangement for a computer, 
comprising first and second processors, the second 

15 processor being code compatible with the first 

processor, such that instruction code can be shared 
between the first and second processors and can be 
operated on by the first or second processor without 
the need for conversion or alteration. 

20 8. A processing arrangement for a computer 

comprising a plurality of processing elements, each 
element being assigned a predetermined function, 
wherein the processing elements are able to share 
instruction code without conversion or alteration, and 

25 the plurality of elements provides functionality 

equivalent to a predetermined virtual processor. 
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